From the 1-BuOH-soluble fraction of a MeOH extract of leaves of Schefflera arboricola, collected in Okinawa, six new lupane glucosides, named schefflerins A-F (1-6) and one new dammarane glucoside, named schefflerin G (7), were isolated together with three known compounds, citroside A (8), and oleanane saponins, oleanolic acid (9) and echinocystic acid (10) 3-O-a-L-rhamnopyranosyl(1→4)-O-b-D-glucuronopynosides. Their structures were elucidated through a combination of spectroscopic analyses and the structure of schefflerin F (6) was determined by X-ray crystallographic method using SPring-8 synchrotron radiation.
Regular Article
Schefflera arboricola, native to Taiwan and Hainan, is an evergreen shrub growing to 3-10 m in height and called as geraniumleaf aralia or dwarf umbrella tree in English. The leaves are palmately compound, with 7-9 leaflets in 10-20 cm length and 4-6 cm width. In Japan, S. arboricola is sometimes sold at flower shops for an ornamental shrub erroneously named as "Kapok." Kapok (Ceiba pentandra, Malvaceae) is a different tropical tree which produces fiber and used as an alternative to down. Some oleanane and lupane triterpene saponins have been isolated from S. arboricola, [1] [2] [3] S. fagueti, 4) S. rotondifolia, 5) S. divaricata 6) and S. impressa. 7) Sedative, hypnotic, analgenic, anticonvulsant and smooth muscle relaxant effects were reported for ethanolic leaf extract of Schefflera spp. 8) From a 1-BuOH-soluble fraction of the MeOH extract of S. arboricola leaves, seven new triterpene saponins, named schefflerins A-G (1-7) were isolated, together with three known compounds, citroside A (8), 9) and oleanane saponins, oleanolic acid (9) and echinocystic acid (10) 3-O-a-Lrhamnopyranosyl(1→4)-O-b-D-glucuronopynosides. 1) Of the seven new saponins, schefflerins A-F were found to be lupane (1) (2) (3) (4) (5) and nor-lupane (6) triterpene glucosides, and schefflerin G (7) a dammarane triterpene glucoside. This paper deals with structure elucidation of them.
Results and Discussion
Air-dried leaves of Schefflera aiboricola were extracted with MeOH three times and the concentrated MeOH extract was partitioned with solvents of increasing polarity. The 1-BuOH-soluble fraction was separated by means of various chromatographic procedures including column chromatography (CC) on a highly porous synthetic resin (Diaion HP-20), then normal silica gel and reversed-phase octadecyl silica gel (ODS) CC, droplet counter-current chromatography (DCCC), and high-performance liquid chromatography (HPLC) to afford 10 compounds (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) . The details and yields are given under Experimental. The structures of the new triterpene glucosides, schefflerins A-G (1-7) (Fig. 1) were elucidated on the basis of spectroscopic evidence and the structure of schefflerin F (6) was confirmed by X-ray crystallographic analysis. The structures of known compounds were identified by comparison of spectroscopic data with those reported in the literature. Fig. 2 were supportive the lupane skeleton for schefflerin A (1). Attachment of the sugar unit at the hydroxyl group at the 3-positon was also informed from the HMBC correlation cross peak between H-1Ј and C-3. Therefore, the structure of schefflerin A (1) was elucidated to be lupane-3b,6a,20,28- . Since, in the HMBC spectrum, the anomeric proton (d H 4.93) showed a cross peak with C-6, the structure of schefflerin B (2) was concluded to be an isomer of 1 as to the position of b-D-glucopyranose unit, as shown in Fig. 1 
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Fig. 2. HMBC Correlations for Schefflerin A (1)
Dual arrowhead curves denote HMBC correlations were observed in both ways.
pared to those of schefflerins A (1) and B (2) . Physical data indicated that schfflerin C (3) was analogous compound to schefflerins A and B and 13 C-NMR data for A, B, C and D rings showed strong similarity to those of schefflerin B (2) ( Table 1) . NMR signals for the fifth hydroxyl group was observed at d C 73.6 (d) with d H 4.97 and thus it must be placed at the 21 or 22-position. In the HMBC spectrum, significant correlation cross peaks between protons (d H 3.67, 4.19) of the primary alcohol and methylene carbon (d C 45.4), and those between the C-22 methylene protons (d H 1.60, 3.03) and C-28 (d C 61.7) forced to place the hydroxyl group at the 21-position (Fig. 3a) 1.97 ) in the phase-sensitive (PS) rotational Overhauser effect spectroscopy (ROESY) spectrum were in good accordance to place the hydroxyl group at the 21-position in an a-side. (Fig. 3b) . Therefore, the structure of schefflerin C (3) was elucidated to be lupane3b,6a,20,21a,28-pentaol 6-O-b-D-glucopyranoside, as shown in Fig. 1 .
Schefflerin D (4), [a] D 20 ϩ12.9, was isolated as an amorphous powder and the elemental composition was determined to be C 36 H 62 O 9 . The results of NMR experiment indicated that the primary alcohol found in aforementioned schefflerins disappeared, instead of that, an extra signal for a singlet methyl being observed. 13 C-NMR data of the rings A, B and C showed good similarity to those of shefflerins B (2) and C (3), and those of the ring D also resembled those of schefflerins A (1) and B (2). The fourth hydroxyl group was placed on either methylene groups in the ring D. The hydroxyl group in question was placed from the correlation cross peak between H 3 -28 (d H 1.22) and C-16 (d C 76.4) in the HMBC spectrum. Based on the triangular PS-ROESY correlations between a-axial methyl H 3 -27 (d H 1.09), a-axial proton H-18 (d H 1.72) and H-16 (d H 3.95), the hydroxyl group at the 16-position was concluded to be in the equatorial orientation. Therefore, the structure of schefflerin D (4) was elucidated to be lupane-3b,6a,16b,20-tetraol 6-O-b-Dglucopyranoside, as shown in Fig. 1 .
Schefflerin E (5), [a] D 20 ϩ7.9, was isolated as an amorphous powder and the elemental composition was C 36 H 60 O 9 . Physical data for schefflerin E (5) were also similar to those of preceding compound. 13 C-NMR data for schefflerin E (5) were essentially the same as those of schfflerin B (2) 13 C-NMR chemical shifts for rings A-C were essentially the same as those of schefflerin B (2). The aglycone moiety comprised of only 27 carbons and judging from the elemental composition, it must have a hexacyclic structure. In the HMBC spectrum, since methylene protons on C-28 showed correlation peaks with C-19 (d C 82.0), the sixth ring was assumed to form between these carbons through an ether linkage (Fig. 4) . Other HMBC correlations around D, E and F rings also supported this assumption and allowed to place a hydroxyl group at the 21-position. Judging from the PS-ROESY correlations, one (d H 3.88) of the methylene protons with the b-axial angular proton H-13 (d H 1.78) and the other methylene proton (d H 3.13) with H-21 proton (d H 4.36), 19,28-epoxy ring was expected in a b-face and the hydroxyl group at the 21-positon in an a-face like schefflerin C (3). To confirm the trinor epoxy structure of schefflerin F (6), X-ray crystallographic experiment was attempted. A crystal was too small to solve the structure with reliable resolution with a conventional diffractometer with MoKa radiation. Finally, X-ray structure was obtained using synchrotron radiation of the SPring-8 BL38B1 facility. Figure 5 shows an ORTEP drawing of the crystal structure of schefflerin F (6) and the structure assumed by spectroscopic data was proved to be correct. Thus, the structure of schefflerin F (6) was determined to be (19R)-lupan-19,28-epoxy-20,29,30-trinor3b,6a,21a-triol 6-O-b-D-glucopyranoside, as shown in Fig.  1 .
Schefflerin G (7), [a] D 20 ϩ67.5, was isolated as an amorphous powder and its elemental composition was determined to be C 36 H 62 O 9 by HR-ESI-MS. Physical data also indicated that schefflerin G (7) was a terpenic compound with one sugar unit. 13 C-NMR exhibited six signals assignable to b-Dglucopyranose together with 30 carbon signals, comprised with seven methyls, ten methylenes, six methines, five quaternary carbons and one trisubstituted double bond. The presence of one primary, two secondary and one tertiary alcohols were also expected from their chemical shifts. In the 1 H-NMR spectrum, all methyl signals were appeared as singlets, one methyl being expected to be on the double bond from its chemical shift (d H 1.86). Judging from the elemental composition, schefflerin G (7) was expected to be a tetracyclic triterpene and 13 C-NMR chemical shifts for A and B rings were essentially the same as those of schefflerins B-F. From the HMBC evidence, schefflerin G (7) was deduced to have a side chain comprised of eight carbon atoms and a tetracyclic ring system including three six-membered rings and one fivemembered ring (Fig. 6) . Therefore, schefflerin G (7) was considered to be a dammarane triterpene with four hydroxyl groups at C-3, 6, 20, 26. Attachment of the b-glucopyranosyl moiety was also confirmed to the hydroxyl group at the 6-position. Judging from significant PS-ROESY correlations between methylene protons (d H 4.31) and an olefinic proton (d H 5.83), geometry of the double bond was determined to be E. Absolute configuration of the 20-position was expected to be S, by comparison of the 13 C-NMR data for (20R)-dammaranediol I (C-17, 21, 22: d C 49.9, 24.5, 42.9, respectively) and (20S)-dammaranediol II (C-17, 21, 22: d C 50.3, 25.3, 41.9, respectively) 10) with those of schefflerin G (7) (C-17, 21, 22: d C 50.5, 26.1, 41.6, respectively). Accordingly, the structure of schefflerin G (7) was elucidated to be (20S,24E)-dammaran-24-ene-3b,6a,20a,26-tetraol 6-O-b-Dglucopyranoside, as shown in Fig. 1 .
Experimental
General Experimental Procedure Melting points were measured with a Yanagimoto micro melting point apparatus and are uncorrected. IR spectra were obtained on a Horiba Fourier transform infrared spectrophotometer FT-710. Optical rotation data were collected on a JASCO P-1030 polarimeter. 1 H-and 13 C-NMR spectra were recorded on a JEOL JNM a-400 spectrometer at 400 and 100 MHz, and a JEOL JNM ECA-600 spectrometer at 600 and 150 MHz, respectively, with tetramethylsilane as an internal standard. HR-ESI-time-of-flight (TOF) mass spectra (positive-ion mode) were taken on an Applied Biosystem QSTAR XL System ESI (Nano Spray)-TOF-MS, respectively.
Highly-porous synthetic resin Diaion HP-20 (Fϭ60 mm, Lϭ65 cm) was purchased from Mitsubishi Chemical Co., Ltd. Extraction and Isolation Air-dried leaves of S. arboricola (11.0 kg) were extracted three times with MeOH (45 lϫ3) for one week at room temperature, and then the MeOH extract was concentrated to 6 l in vacuo. The extract was washed with n-hexane (6 l) and then the methanolic layer was concentrated to a viscous gum (n-hexane-soluble fraction: 245 g). The gummy residue was suspended in H 2 O (6 l) and then extracted with EtOAc (6 l) to give 245 g of an EtOAc-soluble fraction. The aqueous layer was extracted with 1-BuOH (6 l) to give 445 g of 1-BuOH-soluble fraction. The remaining water-layer was concentrated to furnish 441 g of a water-soluble fraction. An aliquot of the 1-BuOH-soluble extract (238 g) was applied to Diaion HP-20 CC (Fϭ10.6 cm, Lϭ50 cm), using a stepwise-gradient of , H-15a), 2.11 (3H, s, H 3 -23), 1.97 (1H, dd, Jϭ12, (1H, m, H-15a), 1.60 (3H, s, H 3 -28), 1.54 (1H, m, H-11a 
X-Ray Crystallographic Analysis of Schefflerin F (6)
A suitable crystal (0.31 mmϫ0.03 mmϫ0.03 mm) was used for analysis. The data were measured using synchrotron radiation (lϭ0.70000 Å) (SPring-8 BL38B1). The structure was solved by a direct method using the program SHELXL-97 (Sheldrick, 2008) .
11) The refinement and all further calculations were carried out using SHELXL-97 (Sheldrick, 2008) .
11) The H atoms were included at calculated positions and treated as riding atoms using the SHELXL default parameters. The non-H atoms were refined anisotropically, using weighted full-matrix least-squares on F 2 . Analyses of the Sugar Moiety About 500 mg each of schefflerins A-G (1-7) was hydrolyzed with 1 N HCl (0.1 ml) at 90°C for 2 h. The reaction mixtures were partitioned with an equal amount of EtOAc (0.1 ml), and the water layers were analyzed with a chiral detector (JASCO OR-2090plus) on an amino column [Asahipak NH 2 P-504E, CH 3 CN-H 2 O (4 : 1), 1 ml/min]. All the hydrolyzates gave a peak for D-glucose at the retention time of 9.5 min (positive optical rotation sign). The peak was identified by co-chromatography with authentic D-glucose.
